The aim of this research was to isolate and identify lactic acid bacteria (LAB) from 28 pineapple waste. The survival in refrigerated pineapple juices, of a selected isolate with potential 29 probiotic properties, was also studied. The 16S rRNA and pheS partial genes were used to identify 30 LAB, multilocus sequence typing (MLST) genes were used in order to separate strains grouping 31
INTRODUCTION

7
of the isolate of L. casei (6709) which showed the lowest survival response. The tolerance in acid 169 medium is one of the most important traits that could have the probiotic bacteria's (29), because 170 before they reach the gastrointestinal tract they must survive in the stomach. The average of pH 171 during human digestion is around 3.0 to 2.0 with gradients from 4.0 to 1.8 during 2 h to 3 h period 172 (30) . 173
Survival after exposure to lysozyme for 30 min ranged from 77.5 to 100 % (Table 2) . 174 Similar values were found after 120 min of exposure. All LAB strains were also grown in medium 175 without lysozyme and used as a control. These results confirmed the high resistance of most LAB 176 isolates to lysozyme under conditions that simulate the in vivo dilution by saliva that occurs after 177 juice ingestion. Bacterial resistance to lysozyme has been attributed to the peptidoglycan in the cell 178 wall, the physiological state of the cell and the lysozyme in the medium (31). Similar results were 179 found by , using LAB strains of L. pentosaceus, L. casei and L. plantarum, the 180 authors found survival percentages > 80 % after 120 min of incubation, with exception of some 181 strains with survival percentages around 50 %. 182
Five LAB isolates, with 90 % or higher survival at pH 2.0 and resistance to lysozyme, were 183 selected and evaluated for resistance to bile salts. According to Dunne et al. (32) , human bile 184 concentrations range among 0.3 % to 0.5 %. For this reason, all the strains were evaluated on a 185 medium with 0.25 % of bile showing survival values higher than 61 % for all strains. L. casei 186 (6715) and both L. fermentum isolates showed higher values. Results are summarized in Table 2 . 187
The ability to survive in the presence of bile is an important characteristic of potential probiotic 188 strains (3, 29) . Mathara et al. (33) established bile tolerance limits for the selection of probiotic 189 strains. Tolerance to 0.3 % bile salts with survival above 50 % was considered good. Our results 190 were similar to ranges previously reported for Bifidobacterium, Lactobacillus strains, P. 191 pentosaceus and certain yeasts (3, 34 -37) . High bile tolerance is desirable since its benefits 192 colonization in the host gastrointestinal tract (38). In concordance with previously reports, our 193 results showed that bile survivor was not related to LAB species but it was strain-specific (27, 39 for all variables except juice total solids content. These differences were significantly dependent 204 (P<0.05) on the initial L. fermentum population of the inoculum. Means, coefficients of 205 determination (R 2 ) and probabilities are listed in Table 3 . The effect of juice type on total titratable 206 acidity was significant (P<0.0001). Differences in total titratable acidity of pulp juice and pulp + 207 peel juice were not significant (P>0.05); however, the titratable acidity of both juices was 208 significantly different (P<0.05) from that of juice extracted from pineapple peels. 209
For the case of the soluble solids content (° Brix), a significant interaction between storage 210 time and type of juice was found (P = 0.006). After six weeks of storage, the soluble solids content 211 of pulp and peel juices was lower than the initial Brix level. This result can be explained by the 212 presence of the metabolically active L. fermentum strain inoculated into the samples. 213
The interaction between the effects of juice type and storage time on fermentable sugars 214 was also significant, specifically, fructose (P<0.0001), glucose (P = 0.004) and sucrose (P<0.0001). 215
Initial concentrations of the different sugars were consistent with previously reported data for 216 pineapple juice; sucrose was the predominant sugar, followed by relatively equal fractions of 217 fructose and glucose (41, 42). As observed in Table 3 , a general downward trend in the sugar 218 content after six weeks of storage was found. Initial and final fructose contents were significantly 219 different (P<0.05). This difference was greater in juices made from pulp and pulp + peel. In the case 220 9 of peel juice, no significant differences in fructose content were observed over time (P>0.05), but 221 the glucose content differed significantly (P<0.05) after storage, possibly because of glucose 222 metabolization by L. fermentum. For the case of sucrose, significant differences between the juices 223 made from peel and pulp were observed. 224
The organic acids profile showed variations for the three acids analyzed (citric, malic and 225 lactic). In all cases, significant interactions between juice type and storage time were found; citric 226 (P = 0.0496), malic (P<0.0001) and lactic (P<0.0001). The three juices did not present significant 227 differences of citric acid at week zero. At week six, the peel juice showed significant differences 228 (P<0,05) when compared with juice made from pulp and pulp + peel. Citric and malic acid at week 229 6 were slightly reduced in comparison to the initial content. Lactic acid was detectable at week 6 in 230 all samples. The reduction in citric acid content may be due to metabolization by the L. fermentum 231 added to the juice (43). As with other members of the genus Lactobacillus spp., L. fermentum can 232 metabolize malic acid through the formation of oxaloacetate and by the malolactic enzyme (44). As 233 expected, an absence of lactic acid at week zero in all the juices was observed (41). Thus, the 234 appearance of lactic acid at week six in all samples shows clear evidence of the metabolic activity 235 of L. fermentum (45). Although the amounts produced were small, they were within the range 236 previously reported (4) when the survival of L. plantarum in pineapple juice during refrigerated 237 storage for up to six weeks was studied. 238
239
Lactobacillus fermentum survival in pineapple juices. Survival curves for L. fermentum 240 (storage at 4 °C) in the different pineapple juices and the evolution of juice pH during the 241 experiment are shown in Fig. 3 . Total solids and soluble solids, total titratable acidity and sugar and 242 organic acid concentrations at the beginning and the end of the survival experiment are summarized 243
in Table 3 . The interaction between the nominal factors, juice type and storage time, was significant 244 (P<0.0008). Thus, the effect of juice type on the survival of the bacteria was dependent on the 245 storage time, and vice versa. A reduction in the initial populations of L. fermentum in the three 246 pineapple juices was observed during storage (Fig. 3A) . This effect was less pronounced in juice 247 made from fruit pulp, even though this beverage had a lower pH than those containing peels (Fig.  248 3B). For juices containing peels, the cell concentration was lower than 10 7 CFU/ml after one week 249 of storage, in contrast to pulp juice in which the cell concentration decreased below 7 logs during 250 the second week of refrigerated storage. Bacterial counts in juices containing pineapple peel 251 extracts did not differ significantly at week six (P>0.05). Worth noting, the main metabolic 252 substrates for lactic acid bacteria are fermentable sugars (fructose, glucose and sucrose); other 253 carbon compounds such as organic acids can be used as secondary substrates (46, 47) . This suggests 254 that survival of L. fermentum is limited by the content of these carbon sources in the food matrix 255 into which it is inoculated. Pulp juice showed the major content of fermentable sugar wich is 256 coherent with the highest bacteria survival. Pulp + peel juice and peel juice showed the lowest 257 fermentable sugars content, respectively. This results matched with a lower bacterial count and 258 suggest the importance of sugar contain on bacterial survival. Therefore, the addition of fermentable 259 sugars to the juice may be an option for reducing the inactivation rate of L. fermentum in pineapple-260 derived beverages. Furthermore, juice pH decreased slightly during the first two weeks before 261 stabilizing. According to Ramos et al. (48) , the presence of active and viable L. fermentum implies 262 that its natural metabolic cycle is being completed. This leads to an increased production of organic 263 acids, mainly lactic acid, causing the pH to decrease. Moreover, juice pH showed no further 264 decrease after the second week of storage, which may be the result of the reduction of the bacteria 265 in the juice over time (Fig. 3) . 266
Tests for tolerance to pH 2.0, resistance to lysozyme and tolerance to bile salts performed 267
showed that lactic acid bacteria isolated from pineapple waste, specifically L. fermentum have 268 potential as probiotic strains, if health benefits to the host are confirmed in further studies. 269
Moreover, pineapple juice supported the survival of Lactobacillus fermentum during refrigerated 270 storage. Among the three pineapple juices tested (pulp, pulp + peel and peel), L. fermentum 271 survived better in juice made from pulp. However, regardless of the juice used, significant 272 11 variations were found for some of the physicochemical properties of the juice, such as sugars and 273 organic acids content, pH and titratable acidity. Further sensory studies are necessary to confirm the 274 palatability of juices containing the selected isolate. Likewise, for a commercial application of this 275 isolate, the study should be reproduced using frozen or freeze-dried cultures instead of the fresh 276 cells used in our study. 277 In order to confirm previously results, phenylalanyl-tRNA synthase (pheS) gene was 293 sequenced for all the LAB isolates. The reaction was performed using primer combinations pheS-294 21-F/pheS-22-R (52), the PCR product was amplified using iProof High-Fidelity DNA polymerase 295 (Bio-Rad, USA). Initial denaturation at 98 °C for 30 s, followed by 35 cycles of 98 °C for 30 s, 60 296 °C for 30 s, and 72 °C for 30 s; final extension at 72 °C for 10 min; and holding at 4 °C. A 25 ml 297 reaction was prepared according to iProof High-Fidelity DNA polymerase and 50 ng of DNA. PCR12 products were visualized after electrophoresis in 1 % agarose gel (high resolution) by staining with 299 GelRed (10 000 X) (Biotum, USA). LAB isolates identify in L. casei and L. paracasei group were 300 analyzed considering six more housekeeping genes: anaerobic ribonucleoside-triphosphate 301 reductase (nrdD), alpha-phosphoglucomutase (pgm), DNA polymerase I (polA), DNA mismatch 302 repair protein (mutL), polymerase alpha subunit (rpoA) and methionyl-tRNA syntethase (metRS) 303 (Table 1) . PCR was performed under the same conditions that pheS gene. The PCR products were 304 sent to Macrogen® (South Korea) for sequencing in both orientations. General criteria of selection 305 were the position of the genes on the chromosome, previously reported polymorphism, and the 306 presence of one single copy of the gene (17). 307 308 Molecular data analysis. The obtained sequences were assembled using the Staden 309 program (53). Sequence similarity searches were performed using BlastN in order to compare the 310 obtained sequences with genome complete sequences available in the databases (54). All sequences 311 were aligned using MUSCLE (55) and deposited in the GenBank (Table S1) Costa Rica). The concentrates were reconstituted with distilled water to about 12° Brix. 362
MATERIALS AND METHODS
Reconstituted juices were pasteurized and hot filled at 83 °C into clean glass containers to ensure 363 commercial sterility. Containers were immediately sealed and inverted for at least 5 min to 364 sterilize the headspace and metal lids. The hot fill step for the juices made from concentrate was 365 performed to obtain shelf stable samples and therefore avoid the presence of unwanted microbiota 366 that would interfere with quantification of the selected LAB during the survival study. To verify 367 the absence of background microbiota, three replicate samples of each juice were plated on plate 368 count agar (OXOID Thermo Scientific Fisher, UK) and acidified potato-dextrose agar (pH 3.5) 369 (OXOID Thermo Scientific Fisher, UK) and incubated at 35 ± 2 °C for 24 h and at 25 ± 2 °C for 5 370 days, respectively, to determine total plate counts as well as mold and yeast counts. pineapple pulp, peel extract, and a blend of pulp juice and peel extract was evaluated using the 401 procedure reported by Nualkaekul and Charalampopoulos (4) with minor modifications. Samples 402 16 of 100 mL of the juices were independently inoculated with 0.07 mL of the selected LAB targeting 403 an initial concentration between 10 7 and 10 8 UFC/ml. The inoculated juices were stored at 4 °C for 404 up to 6 weeks. Samples were collected weekly and analyzed for pH, soluble solids content 405 (expressed in °Brix) and LAB counts. To determine the count of viable LAB cells, 0.1 mL of juice 406 was spread onto MRS agar (DIFCO, France) and incubated in anaerobic jars at 35 ± 2 °C for 72 h 407 before counting. The survival experiments were performed in triplicate for each condition, using 408 independent inocula for each of the replicates. To verify the absence of background microbiota, 409 three replicate control samples of each juice were plated on plate count agar and acidified (pH 3.5) 410 potato-dextrose agar and incubated at 35 ± 2 °C for 24 h and at 25 ± 2 °C for 5 days, respectively, 411 to determine total plate and mold and yeast counts. The sugar content (glucose, fructose and 412 sucrose), organic acid concentration (malic, lactic and citric), total solids content and total 413 titratable acidity (expressed as percentage of citric acid in 100 mL of juice) of the juices were 414 determined at the beginning and the end of the experiment. 415
The effect of storage time at 4 °C on the physicochemical properties of pineapple juices 416 inoculated with a selected strain of L. fermentum was evaluated. A full factorial design with three 417 levels for type of juice (pulp, pulp + peel and peel) and two levels for storage time (week 0 and 418 week 6) was constructed. The initial LAB count was included in the model as an independent 419 variable. In addition, the effects of storage time and juice type on the survival of L. fermentum in 420 pineapple juices refrigerated at 4 °C were examined. A full factorial design with three juice types 421 (pulp, peel + pulp and peel) and seven storage times (from week 0 to week 6) was used. The 422 population of this microorganism was used as the response. 423
424
Statistical analysis. To analyze the physicochemical properties of the juices and the survival 425 of L. fermentum over time, two-and three-way analyses of variance (ANOVA), Tukey's honestly 426 significant difference, and Student's t tests for means comparisons were performed using JMP 427 version 11 (SAS Institute Inc., USA). Differences were considered significant at a P value of < 428
